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1）mmol•L-1 时脂类产率 高，细胞密度和脂类含量分别比 低值高出 18.3%、



























壳聚糖（CTS）三种絮凝剂 24h 小时后的絮凝效率均在 80%以上。PAC 絮凝效率
高，达 87.3%，初凝速度 快。pH、盐度、温度、细胞密度对 PAC 的絮凝效
率均有一定的影响，酸性或碱性环境、低盐度、30℃和低密度条件下的絮凝效率

















Today, finding alternative energy has drawn worldwide attention because of 
shortage of fossil fuel. People have attached great importance to bioenergy. There are 
still many problems such as culture conditions, open system culture, harvest for 
bioenergy production from Dunaliella. 
High lipid mutant Dunaliella bardawil (HL-1) was used in this study. We have 
studied: morphological and structure characteristics, effects of carbon and nitrogen on 
the growth and lipid content, effects of phytohormone and polyamines on the growth 
and intracellular components, dynamic accumulation of intracellular neutral lipid and 
nitrogen consumption, flocculation efficiency of polymer flocculants used for harvest. 
Based on these, large amount of Dunaliella biomass was obtained by pilot scale 
culture. Results are showed as follows: 
(1) Dunaliella bardawil (HL-1) has general characteristics of Dunaliella.TEM 
showed many intracellular starch grains and some lipid droplets. The starch granules 
had irregular shapes, different sizes; Length: 1~2μm, quantity: 20~30; Lipid droplets 
were spherical, Diameter: 0.5~1μm, quantity: usually 2~4. Cytochrome can extend to 
the front of cell. 
(2) Nitrate and urea were excellent nitrogen for Dunaliella bardawil (HL-1), 
high concentration of ammonium induced cell death. Carbon, phytohormone, 
polyamines can promote the growth of the Dunaliella bardawil (HL-1), and cell 
density increased by 32.9%, 36.9%, 35.2%, respectively. Orthogonal experiments 
showed under concentration (6, 4, 15, 1) mmol•L-1of NaNO3, urea, NaHCO3, glucose, 
cell density was the highest; lipid yield was the highest under the concentration (6, 5, 
5, 1) mmol•L-1; 18.3%, 61.4% higher than the minimum value respectively. NaHCO3, 
NaNO3 showed the greatest impact on the growth and lipid content respectivly. 
Intracellular neutral lipids content first decreased and then increased in stable phase. 
Cell fluorescence’s range is (3.07~4.72)×10-5FI/cell. Changes of soluble carbohydrate 
and protein content was opposed to neutral lipids.Lipid accumulation was found under 















(3) Nitrogen consumption of NaNO3、NH4Cl、NH4NO3、(NH2)2CO by Dunaliella 
bardawil (HL-1) was（2.7、2.4、3.4、3.3）mmol•L-1 respectively in normal culture，
the mean was 2.9 mmol•L-1. 
(4) Biomass productivity of open culture was 0.49~1.01g/m2/d. Lipid content 
was 9.7%~22.1%. Biomass (dry weight) and lipid content were higher in spring and 
autumn. Glass tank culture results were better than that of open pond. High biomass 
productiviy and growth rate were also obtained with nitrogen of nitrate-urea 
compound. Biomass yield was 18.4% higher than nitrate nitrogen source. Open 
culture of Dunaliella was vulnerable to ciliates, artemia. Salinity above 140‰ can 
effectively inhibit the reproduction of ciliates. 
(5) Under the same concentration (50mg•L-1), flocculation efficiency of 
polyaluminum chloride (PAC), polyaluminium-ferric chloride (PAFC), chitosan (CTS) 
were more than 80% after 24h. Flocculation efficiency of PAC was the highest of 
87.3%, and the initial setting rate was also the fastest. pH, salinity, temperature, cell 
density showed a certain effect on the flocculation efficiency of the PAC. Higher 
flocculation efficiency was obtained under conditions of acidic, alkaline, low salinity, 
30℃ or low cell density. Using PAC of 50mg•L-1 for 24h was a suitable method for 
the harvest of Dunaliella. 



















[1]。对世界能源消费的长期预测表明，2050 年全世界总能源消费将达到 1975 年
的 4 倍[1]。人类使用的能源主要来自化石燃料，占总初级能源消费的 81%，其中
石油、煤碳、天然气分别占 35%、25%、21%。核能和水电能分别占初级能源消












增大，严重影响地球的生态环境[6]。每年人类活动所排放的 CO2 有 1/3 被海洋吸



































































全世界的乙醇产量逐年增加，2009 年的产量比 2000 增加了 4 倍。美国每年通过
玉米淀粉生产出 100 亿加仑的乙醇，产量 高；其次为巴西、中国、印度和泰国。
生物柴油从 1995 年才发展起来[16]，目前全球年产量在 200 万吨以上。美国目前























（1）光能转化效率高，一般 3%~4%， 高可达 10%之多[20]，陆生植物一
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